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Molecular Mechanisms
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CIM Patient

= Predominant type Il (fast twitch) muscle fibre atrophy Y
ass

= Selective but patchy loss of myosin filaments

= Non-excitable muscle membrane } Contractility

Schefold, et al. Journal of Cachexia, Sarcopenia and Muscle, 2010
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Patient Outcomes- Function
7-days, 3, 6, and 12-months post ICU discharge
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Muscle and Nerve Dysfunction in ICU

Mend-ICU Program

Rationale

Advance our understanding of the molecular mechanisms
that underlie persistent ICU acquired muscle weakness
In order to

4
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»» Better identify those at risk for long term irreversible
sequelae
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» To Inform effective interventions



Objectives

1) Quantify the degree of skeletal muscle atrophy and functional
Impairment in a prospective cohort of patients enrolled in Toward
RECOVER at 7 days and 6 months post ICU discharge.

2) Perform muscle biopsies (quadriceps femoris) for molecular
assessments at 7 days and 6 months post ICU discharge

3) Determine if these candidate cellular signalling/biologic processes
identified in animal models to be critical to the development of ICU
acquired muscle dysfunction are activated in humans

4) Identify signalling networks/markers that are associated with
improvement or sustained functional disability.
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Study Design

** Inclusion Criteria:

NS

» Pilot study — Nested Cohort Study (Towards RECOVER)

1. Acute presentation to ICU from the community or brief
hospitalization (< 1 week) prior to ICU admission

Mechanical ventilation for at least 1 week

3. Functional independence prior to ICU admission with no pre-
existing neurologic or muscle disease
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Study Design

v+ Exclusion Criteria:

Immobile prior to ICU admission
Pre-existing neurologic or muscle disease

3. Other underlying comorbid disease as documented in the past
medical history :
e.g. Active hepatitis, post-transplantation, active cancer, decision
to move to comfort care,
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Study Assessments

% Functional Assessments:

«» Skeletal muscle weakness & functional impairment, and atrophy
assessed by

- 6BMW, SF-36
- MRC bedside assessment of muscle power
- Motor Component of the FIM

- Quiet postural standing, gait control, isokinetic and
strength testing

- CT mid-thigh quadriceps femoris cross-sectional area (CSA)

- NCV & EMG to assess for peripheral neuropathy,
(functional muscle denervation, dropout of myofibres)
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Study Assessments

Percutaneous biopsy of the
vastus lateralis

1) Molecular Assessment

< 1) Levels and activation of muscle specific signalling molecules
¢ 1) Cellular localization/redistribution of key molecules

* 1il) Morphometric & ultrastructural analyses

2) Explorative Analysis

< Microarray gene expression
*» MicroRNA expression
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R eS u I tS 103 Towards RECOVER participants

2 MSICU and 1 Trauma ICU
Sept 2010 — April 2013

2 died

19 excluded
23 missed
32 refused

27 consented

15 -7 day biopsy 12 -7 day no biopsy

2 —withdrew

4 —died ICU

2 —medical issues
necessitated

11 - 6 month biopsy

2 - withdrew
1 —repatriated

. . withdrawal
1 - medical issues )
. 1 — attempted biopsy
necessitated
unsuccessful

withdrawal 1- repatriated

2 —withdrew
reasons unknown

15 patients completed 7 day biopsy/assessment
11 completed 6 month biopsy/assessment

dos Santos et al, re-submission, 2015
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Persistent muscle weakness correlates with sustained
Impairment of physical function

FIM Motor Subscore

dos Santos et al,
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Persistent Atrophy at 6 Months Post-ICU Discharge
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Dissociation Between Persistent Loss of Muscle
Mass and Contractility

| Quads Torque Quads Specific Quads CSA Quads ACSA

Nm (% pred) Force (Nm/cm?) (cm?) (cm?)

. 37.2 1.4 65.0 21.8
52yoM
Pt 11

48 yoF 42.8 6.5 13.3 6.1

dos Santos et al, re-submission, 2015
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Muscle protein homeostasis in critical illness

Protein synthesis

Sepsis, Inflammation, cytokines
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Resolution of Protein Degradation
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Absence of Autophagy at 6 months
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Sarcomeres and Mitochondria at 6 months

Sarcomeric
structure
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DISCOVERY

Clinical and Microarray data

ﬂFunctional Independence Measure score\
* MRC Sum Score
* Quadriceps muscle mass

Muscle transcriptome /

DAY 7 Month 6
Post-ICU Post-ICU

ICUAW (11-15 patients

Healthy controls (8 subjects)

Muscle biopsy

Select Relevant Modules

Modules selected based on:

1) correlation to outcomes of interest
2) Functional & phenotype enrichment
3) TF binding sites enrichment

Module ‘informed’ genes signature(s)

VALIDATION
Gene Set Enrichment Analysis

Network Analysis

on 's Correlation

0

Co-expression
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Differentially expressed genes and gene-sets in ICUAW
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Modules and Correlation with Phenotypes

module Correlation with Correlation with phenotypes GO and HPO terms
ICUAW
Direction Adjusted | Strength Mass Function
P-value
D7 [ m6
M1 _ 0.56 0.6 0.64 Muscle structure
(5.5x10%) | (2.1x107%) | (9.7x10™) | development
M2 + -0.60 -0.68 -0.74 Poly(A) RNA binding
(2.1x10%) | (4.0x10™) | (1.3x10™) | Ribosome biogenesis
M3 + -0.65 Extracellular matrix
(8,0)(104) Calcium ion binding
Muscle structure
development
M4 _ 0.63 0.74 0.65 Mitochondrial inner
(1.3x10%) | (1.3x107%) | (7.4x107) | membrane
M6 + -0.56 -0.54 Endocytosis
(5.5x107) | (6.8x107)
M7 + -0.54 0.52
(6.8x107) | (9.7x107)
M11 + -0.67 Inflammatory
(5.8x10™) response
M13 + -0.53 -0.66
(7.5x107) | (7.4x10%
M14 + -0.56
(5.5x10)
M16 0.70
(2.5x10™)
M17 _ 0.54 Angiogenesis
(7.4x107)

Gene Expression Data Adjusted for Gender and Age

Walsh et al. Submitted, 2015
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Module 1 (Down-regulated Day 7 post ICU discharge)

Mitochondria and Bioenergy Metabolism
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Module 3 (Up-regulated at Month 6 post-ICU discharge)

AN ISR RN SR IR EE NSRS
. .

) Calcium Handling and

A Muscle Contraction :

Wound Healing and Repair : :

posilive

T o : cylos im calc ion

: c ive Ti i : ion concentration tran into

: onnective Tissue i: Calcium Handling : i I :

Development H : Sys0

: : cytos Icium :

: : : ion ort :

E Extrace"UIar E - ...‘-.+.+.---‘.“Elllllll‘llllll‘lllllIIIIIll’llllll’llllll-llllllll:

Matrix Deposition T,

2 mescl‘al cell
g dev ent endodgmmal cell
: : : diffe ation :
: Wound Healing : : mese al cell :
: Glycosaminoglycan i : : diffe lion en m formaghgn of :
Metabolism : : fo rt’nn pn m :
: i Regenerationand : : smootmeuscle layer :
: H Differentiation : : cell ation :
s tsssssssssmssasmnnsnannnsnnnnnns’, E ga n 2n g
: Focal Adhesion : ) : musate cell deve ent :
s EEE NN R E NN NN NN NN EEE NN NN N EEEEEEEE L] ,‘-. E mlnﬂn i
Regeneration and
: Differentiation :

24
Walsh et al. Submitted, 2015



Summary

 Loss of Function (FIMs) correlates with loss of strength
 Loss of strength related to loss of mass or/and contractility

« Dissociation between MASS and CONTRACTILITY

* Ongoing Proteolysis — does not explain persistent muscle loss
« Ongoing Autophagy — does not explain persistent muscle loss

« Mitochondrial structure/number —» does not explain ongoing
weakness

« Reconstitution of sarcomeric structure
« Correlation between change in Gene expression and Phenotype

 Novel Pathways Associated with Persistent Muscle Weakness
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